Background Population levels of physical activity are far below recommendations limiting its public health benefits. Utility cycling (i.e. cycling for transport purposes) may be a means of increasing this activity. Empirical evidence quantifying the contribution of utility cycling to the population levels of physical activity is sparse.
Introduction
Physical activity is essential for maximal health. It is associated with a 30% reduction in all-cause mortality as well as a reduction of between 20-40% in many long-term conditions such as cardiorespiratory, metabolic, musculo-skeletal and mental health, breast and colon cancers. 1 It has been described by a Chief Medical Officer (CMO) of England as a 'wonder drug' 2 with benefits accruing most quickly to those moving from 'no' activity to 'some' activity. 1 It is described by the Academy of Royal Colleges as a 'miracle cure'. 3 Despite wider acknowledgement of public health benefits of physical activity (PA) and the publication of guidelines by over 20 countries across the globe as well as by the World Health Organisation (WHO), 4 population levels of physical activity remain low. An international survey of 122 countries using three definitions of physical activity estimated that 31.1% (95% CI 30.9 -31.2) of adults (aged 15þ) are physically inactive with a range of 4.7% (95% CI 4.3 -5.1) in Bangladesh to 71.9% (31.0 -87.2) in Malta. 5 In the UK, the currently recommended 'dose' is 150 min a week moderate physical activity or 75 min intense activity (or a combination of the two) in bouts of 10 min or more for those aged 19 -64 as well as improving muscle strength on 2 days a week. Older adults are similarly encouraged to undertake 150 min of physical activity a week. Further guidance is available for those aged 0 -4, 5 -18 and 65þ. 1 These guidelines are similar to those of the US Department of Health and Human Sciences 6 and the World Health Organisation. 7 It has been argued that the most acceptable means of enabling people to increase their levels of physical activity will be through activities that can be incorporated into everyday life, for example, walking or cycling rather than using motorized transport. 1 Evidence from Northern European countries where up to 27% of journeys are be undertaken by cycle 8 indicates that cycling, for a purpose upon completion of the journey, as opposed to a trip that is undertaken for the purpose of the journey in itself 9 may be one means by which population levels of physical activity can be increased. 10 'Utility cycling'-as an independent activity or done in conjunction with sporttherefore may be one way of gaining the benefits of increased levels of physical activity across the population while also avoiding the external costs of motorized transport including pollution, noise, congestion and road traffic injuries. 11 This may have important implications for increasing levels of physical activity in countries such as England where participation in sport does not seem to be increasing. The annual Active People Survey (APS), 12 the largest sports participation survey in England, has consistently found that population participation in sport and/or active recreation has remained remarkably stable with only between 34.6 and 36.9% of adults reporting undertaking at least 1 Â 30 min of moderate intensity sport per week between October 2006 and March 2015. 13 There is a paucity of empirical data showing the extent to which utility cycling could increase population levels of physical activity. The aim of this study therefore was to quantify the contribution that cycling for utilitarian purposes might make to the likelihood of meeting physical activity recommendations at a population level, either in conjunction with sport or as an activity in its own right. The findings are expected to provide insights as to where next to increase population levels of physical activity.
Methods

Design
An empirical analysis with a cross-sectional design was implemented to establish whether there were significant differences in the recommended levels of physical activity between those who did utility cycling and those who did not. Participants were recorded doing or not doing utility cycling in the past 4 weeks and mapped to the levels of physical activity they reported for the same period. By allowing for any other correlations that might have existed in the system, this design allowed us to quantify the 'net' contribution of utility cycling to population levels of physical activity.
Data
Data were sourced from the Active People's Survey (APS), 12 an annual cross-sectional survey on sport and active recreation in England conducted for Sport England, a non-departmental public body sponsored by the Department for Culture, Media and Sport (DCMS). The APS is a random digit dialling (RDD) survey weighted to be representative of each reporting geographical area (Local Authority, County Council, London Borough, Government region). In many parts of England, there are two tiers of local government: county councils and district, borough or city councils. In other parts, there is just one tier of local government comprising unitary authorities, London boroughs and metropolitan boroughs. Each of these has different responsibilities and powers. 14 Within each geographical area, the survey was weighted by age, gender, ethnicity, socioeconomic classification, household size and working status. 15 The survey was originally of people aged 16þ but was extended in the final quarter of APS 6 (October 2011-October 2012) to include those aged 14þ. Interviews are distributed evenly over each 12-month period. APS 7 drew on nationally representative sample of 165 191 people (aged 14þ) with fieldwork taking place between 15th October 2012 and 14th October 2013. The survey is designed to achieve a minimum of 500 interviews in most Local Authorities. The person in the household interviewed is selected through Computer-Aided Telephone Interviewing software that randomly selects either the telephone responder or any other adult in the household for the survey. Response rates to the survey have consistently been 25%.
For practical purposes, residents in institutions (armed forces barracks, student halls of residence, hospitals, care homes, etc.) are excluded, and it is recognized that mobile-only households ( 15% in 2011) are also excluded. From October 2012 to October 2013, 1000 interviews were undertaken using a RDD mobile phone survey and a shortened version of the APS questionnaire. Compared with landline respondents mobile phone respondents were more likely to be male, younger and from non-white ethnic groups than landline responders. No systematic difference was found between landline and combined landline -mobile results for once a week or once a month participation for the 10 largest sports nor once a week or three times a week participation for all sports. No physical measurements were undertaken.
For our analysis, we used APS 7 data with a final sample size of 165 191 of which 66 962 (40.5%) were male and 98 229 female (59.5%).
Outcome variable
Meeting recommended levels of physical activity was the outcome variable. Two alternative specifications of this variable was CONTRIBUTION OF UTILITY CYCLING TO POPULATION LEVELS OF PHYSICAL ACTIVITY used: (i) meeting Chief Medical Officer (CMO) guidelines of 600 min moderate to vigorous physical activity in the past month either through any number of activities; (ii) that through one activity only (i.e. sport or utility cycling or utility walking).
Explanatory variables
The main explanatory variable was 'utility cycling'. It was measured as a binary variable that took a value of 1 if the respondent had undertaken utility cycling (either solely or in addition to other activities) and 0, otherwise. Utility cycling was defined as cycling for purposes other than for the purposes of health, recreation, training or competition.
In the APS, people who reported general cycling but reported zero days of cycling for the purposes of health, recreation, training or competition were considered as doing 'utility cycling'. The survey question was framed as: 'I would now like you to think about any cycling you may have done. Please include any casual cycling in your local area, any cycling in the countryside or on cycling routes, cycling to or from work or any competitive cycling. In the last four weeks, that is since [^INSERT DATE^] have you done any cycling?' The response categories were 1 (Yes), 2 (No) and 3 (Don't know). In addition to walking and cycling, APS participants were asked about all activities they had done in the last 4 weeks whether for competition, training, receiving tuition, socially, casually or for health and fitness. A list of included sports/activities is included in Supplementary data, Appendix 1. The format for sporting and active recreational questions was as follows: 'I have already asked you about walking and cycling. I would now like to ask you about other types of sport and recreational physical activity you may have done. Please think about all the activities you did, in the last four weeks, whether for competition, training or receiving tuition, socially, casually or for health and fitness, but do not include any teaching, coaching or refereeing you may have done. So thinking about the last four weeks, that is since [^INSERT DATE^], did you do any sporting or recreational physical activity?' Response categories were (1) Yes, (2) No and (3) Interviewers do not read out. Code if respondent has stated they are severely disabled and do no activity. Code only as a last resort if respondent is frustrated or unhappy with activity, and (4) Don't know. These two sets of questions together let us create a utility cycling variable as specified above.
Other explanatory variables included were age (16-34, 35-54, 55þ), gender (male/female), ethnicity (White, Asian, Black, Chinese, Mixed, Other), National Statistics SocioEconomic Classification (NS-SEC) grades (1-4, 5-8, 9), 16 number of children in the household (0, !1) and region (North East, North West, Yorkshire and the Humber, West Midlands, East Midlands, East of England, South West, South East and London). The choice of these sociodemographic and other variables was informed by previous research in this area. 17 
Statistical analysis
Means (standard deviation-SD) and proportions were calculated for continuous data and categorical data as appropriate. We used the x 2 and Fischer's exact tests to examine whether missing data occurred completely at random. All variables were categorical and we used the indicator method to adjust for missing data (i.e. item non-response was included in the omitted category). 18 A logistic regression model was used to estimate the likelihood of meeting recommended levels of physical activity for participants who undertook utility cycling compared with sports and exercise adjusting for other covariates. Two sets of logistic regression models for each specification of the outcome variable were fitted. First unadjusted model allowed bivariate analysis examining the relationship between meeting the recommended level and each of the individual explanatory variables separately. Second, an adjusted analysis allowed a multivariate analysis in which all explanatory variables were included in the same model. The analysis was repeated for the sample of inner and outer London residents separately to see whether the likelihood of meeting the recommended levels of physical activity might differ.
Goodness of fit was evaluated using quintiles rather than the usual deciles as the Hosmer-Lemeshow test is less likely to over-or under-predict observations in large data sets with a smaller number of quantiles. 19 Specification errors were tested in all models using the linktest. Both unadjusted and adjusted odds ratios (AORs) were computed for each independent variable. The threshold for statistical significance was set at 5% in all analyses. Analyses were undertaken using Stata SE 12. 20 Table 1 summarizes the characteristics of the sample. Of the 165 191 people who took part in APS7, 66, 962 (40.5%) were males. The majority of respondents were aged 55þ (51%), white (91%), of NS-SEC categories 1 -4 (56%) and without children in the household (72%). Just over 20% participants in the sample were from South East of England, whereas 4% came from the North East. Age had the highest number of missing observations (55%) and ethnicity the least (21%).
Results
Sample characteristics
Compared with the national average London respondents were younger, more ethnically diverse and slightly more likely to have children (Table 2) .
A total of 112 816 (68.29%) participants reported undertaking at least 1 min of physical activity in the past 4 weeks. In London, 12 625 (77.19%) reported the same. Approximately a quarter of respondents reported at least 1 min of utility walking and no other activity, ,1% utility cycling and no other activity and just ,20% one-minute sport with no other activity ( Table 3) .
Contribution of utility cycling to meeting the recommended level Table 4 shows the unadjusted and adjusted odds of meeting the recommended level of participation through any number of activities (Model 1) and through one activity only (Model 2) for the explanatory variables. Individuals who undertook utility cycling had higher odds of meeting the recommended levels of physical activity compared with those who did not undertake utility cycling (AOR ¼ 4.08, P , 0.001 in Model 1 and AOR ¼ 2.73, P , 0.001 in Model 2). Utility cyclists were therefore 3-4 times as likely to meet recommended levels of physical activity as those who were not, after allowing for other correlates.
Meeting guidelines was associated with being younger, male, of higher socioeconomic position, having children, being from London and being of mixed ethnicity though all other ethnicities were less likely than those of white ethnicity to meet guidelines.
In inner and outer London, utility cycling was associated with, respectively, 6 and 5 times greater odds of meeting physical activity guidelines compared with no utility cycling. Other variables in outer London had the same effect as nationally in predicting the likelihood of meeting recommended guidelines. In inner London, however, gender did not predict the likelihood of meeting recommended levels (Table 5) .
Census data indicate that the local authorities with the highest rates of commuter cycling are Cambridge, Oxford, the Isles of Scilly, Hackney, York, Gosport, Islington, Norwich, Kingston upon Hull and Lambeth. 21 On further analysis of the sample covering those top 10 commuter cycling areas only, the odds ratio in favour of utility cycling for meeting physical activity guidelines was 4.90 (95% CI 4.03-5.96).
Discussion
This paper sought to quantify the contribution that cycling for utilitarian purposes might make to population levels of physical activity. This is in the context of marked differences in the use of cycling as a means of transport even across countries where car ownership is high such as the UK, the USA and the Netherlands 22 and significant and rising costs of health care due to long-term conditions (LTCs). 23 The APS is the largest survey of sport and active recreation undertaken in Europe. 24 Analysis of this survey indicates that those who undertake utility cycling have odds of meeting physical activity four times as much as that of those who do not. In inner London, these odds could be up to six times. In the UK, it is estimated that long-term conditions account for some 70% of the NHS budget but also that 42.9% of the working population of 26.5 million has a commuting journey of under 5 km, 25 considerably less than the 8 km cited by the BMA that a 'person can easily cover'. 26 Meeting physical activity recommendations is correlated with a reduction of allcause of 30% and most long-term conditions by between 20-40%. 1 The policy implications of our findings are profound for both public health and transport sectors. The Department for Transport has reported that schemes that It is perhaps unsurprising to find that those with the highest odds of utility cycling were young males. Young males are traditionally the most risk-tolerant section of society 29 and therefore might be expected to cycle more where the risks of cycling are higher than in European countries where the cycling infrastructure is more developed and the risks associated with cycling are far less. For example, in the Netherlands, Germany and Denmark women cycle almost as much as men and rates only decline slightly with age. 22 Having children in the household was associated with slightly increased odds of meeting guidelines (OR ¼ 1.06, 95% CI 1.04 -1.10). Unfortunately, the data set did not include information on car ownership for us to rule out any correlation with both having children and cycle use.
The only region in which the odds ratio of meeting guidelines was statistically significant was London in which efforts have been made to improve the cycling infrastructure through cycling super highways and bike-hire scheme. 30 In inner London, there was no statistical difference between the genders. This stands in contrast to previous analysis of In contrast to the above utility cycling was more common in NS-SEC 1-4 than NS-SEC 5-8 but with no significant difference in those in NS-SEC 9. Intuitively, those on a lower income have relatively more to gain from utilitarian cycling, even if only from a financial perspective. The unadjusted odds ratio indicated significantly more utilitarian cycling in NS-SEC 9, but this disappeared after adjusting for confounding factors. This indicates that cycling in England is still predominantly male, white and affluent-signifying that its potential to reduce inequalities is not being realised, in itself part of the mission of Public Health England 32 and statutory guidance to for all Local Authorities and Clinical Commissioning Groups through their Health and Wellbeing Strategies. 33 High cycling prevalence countries have shown cycling for a purpose is an activity that can be integrated into everyday life and reduce the external costs of motorized transport. 22 In this context, our findings strongly support promotion of utility cycling as an attractive option to public health decisionmakers in England and perhaps elsewhere too. How public health policies could/should incorporate promotion of utility cycling is beyond the remit of this study. However, our recent systematic review 34 suggested that individual or group-based interventions 35, 36 as well as wider environmental interventions 37 -39 could increase commuter cycling. In that review, environmental interventions were found to have small but positive effects in much larger but more difficult to define populations. These two studies together can provide public health decision-makers with robust data needed to work out various policy options to promote utility cycling.
This study has a few noteworthy limitations. Given crosssectional data, any finding here cannot be taken as causal. Utility cycling was defined to cover cycling for utilitarian 
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purposes either solely or in addition to other activities-there was no information to isolate the two. It may arguably be that utility cycling was predominantly used as a means of transport to sports or leisure facilities. However, this is thought unlikely as data available for London suggests that some 27% of population meet physical activity recommendations through active travel alone. 40 Unfortunately, the data set did not include information on car ownership for us to rule out any correlation with both having children and cycle use.
Conclusion
People who undertook utility cycling were four times as likely to meet current physical activity recommendations as those who did not undertake such cycling, even after controlling for other underlying population characteristics. In inner London where investments in cycle infrastructure have taken place, this likelihood appears to rise to six times. As utility cycling has a tremendous potential to both increase population levels of physical activity and reduce the external costs of motorized transport, promotion of utility cycling therefore appears to be a pragmatic policy option to public health decision-makers.
